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(54) IMAGE PROCESSORAND MEDIUM WHERE IMAGE PROCESSING 
PROGRAM IS RECORDED 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily and fast search a reference image from in 
an input image as to an image processorwhich searches a specified reference 
image from an externally supplied input imageand a medium where the image 
processing program for actualizing the processor by using a computer. 
SOLUTION: The image processorwhich searchesfrom the given input imagethe 
specified reference imageis equipped with a reference means Iwhich previously 
stores a frequency distribution Sp0 in a p9 Hough space found by processing 
and input image by Hough transformationa Hough transforming means 2which 
transforms the input image into the frequency distribution TpG in the p0 Hough 
space by Hough transformationand a search means 3 which decides the 
correlation between the said frequency distribution TpG and frequency 
distribution spG and judges 'whehther or not a reference image in the input 
image' from whether or not they correlate to each other. 



CLAIMS 



[Claim(s)] 

[Claim 1]An image processing device which investigates a predetermined image 
comparison from a given inputted imagecomprising: 
A reference means which memorizes beforehand frequency distribution on 
rhotheta Hough space which performed and asked said image comparison for 
Hough transformation. 

A Hough transforming means which performs Hough transformation to said 
inputted imageand is changed into frequency distribution on rhotheta Hough 
space. 

Frequency distribution changed by said Hough transforming means. 
An investigation means to judge correlation with frequency distribution 
memorized by said reference meansand to judge existence of said image 
comparison by existence of said correlation. 

[Claim 2]ln the image processing device according to claim 1said investigation 
means is rho=rho/(average value of rho). 
Theta=theta - (average value of theta) 

An image processing device judging correlation with frequency distribution of 
said inputted imageand frequency distribution of said image comparisonand 
judging existence of said image comparison by existence of said correlation on 
rhotheta Hough space which was alike and was standardized by being based. 
[Claim 3]The image processing device comprising according to claim 1 or 2: 
Frequency distribution from which said investigation means was changed by said 
Hough transforming means. 

A correlation calculating means which computes a cross correlation function with 

frequency distribution memorized by said reference means. 

A correlation judging means which judges correlation based on a cross 



correlation function computed by said correlation calculating meansand judges 
existence of said image comparison by existence of said correlation. 

[Claim 4]The image processing device according to any one of claims 1 to 3 
which is provided with the following and characterized by said investigation 
means performing said investigation about an inputted image and an image 
comparison which were judged in said edge judging means to be those with 
correlation. 

A continuation edge extraction means which it asks for a gradient of a 
concentration value from said inputted imageand the direction of a gradient is in 
agreementand extracts a continuous edge group. 

An edge judging means which calculates a pixel number of an edge group 
extracted by said continuation edge extraction meansand judges correlation with 
a pixel number of an edge group in said image comparison. 

[Claim 5]lt is the medium which recorded an image processing program for 
realizing the image processing device according to any one of claims 1 to 3 using 
a computerA medium which recorded an image processing program for operating 
a computer as said reference meanssaid Hough transforming meansand said 
investigation means. 

[Claim 6]lt is the medium which recorded an image processing program for 
realizing the image processing device according to claim 4 using a computerA 
medium which recorded an image processing program for operating a computer 
as said reference meanssaid Hough transforming meanssaid investigation 
meanssaid continuation edge extraction meansand said edge judging means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the medium which recorded the 
image processing program for realizing the image processing device which 
investigates a predetermined image comparisonand its device using a computer 
out of the given inputted image. 
[0002] 

[Description of the Prior Art]Conventionallyin the laser beam machining device or 
the stepperwhat carries out automatic recognition of the alignment mark of a 
processing objectetc.and performs alignment is put in practical use. The device 
which performs automatic recognition of a characterand the device which 
performs automatic classification of the article which flows through a band 
conveyor are also put in practical use. 

[0003]ln these devicesthe processing which investigates the image comparison 
registered beforehand out of the picture of the inputted camera or the picture of a 
character becomes important. In order to use it for such image processingthe 
image processing device which investigates an image comparison out of an 
inputted imageand the image processing program for it are developed. 
Recentlyas this kind of an image processing devicethe thing using generalization 
Hough transformation is known well. 

[0004]Drawing 13 is a figure explaining image processing (conventional example) 
by this kind of generalization Hough transformation. Herethe case where the 
image comparison 71 is investigated from the inside of an inputted image is 
explained. 

[0005]Firstthe image comparison 71 is beforehand registered into an image 
processing device. On the occasion of this registrationan image processing 
device sets up the reference point Rg (XgYg) on the image comparison 71 . This 
reference point Rg is set as the position of the image comparison 71 in which 
others are [ being a centroid position and ] suitable. Nextan image processing 
device asks for the gradient for every pixel about the concentration value of the 



image comparison 71 and extracts an edge line from the size (edge intensity) of 
this gradient. 

[0006]An image processing device selects some points on this edge line at the 
point Fj (henceforth "the focus Fj") which shows the feature of a picture. Herean 
image processing device performs processing of following the (1) - (4) in detail 
about each of the focus Fj. 

[0007](1) Compute tangential direction thetaj of the edge line in the focus Fj 
based on the direction of a gradient of the focus Fj. 

(2) Compute angle-of-direction phij which the tangent of the edge line in the 
focus Fj and the straight line which connects the focus Fj and the reference point 
Rg make. 

(3) Compute the distance rj of the focus Fj and the reference point Rj. 

(4) Make into a group value thetaj computed in this wayphijand rjand store in the 
reference table 72 on an internal memory. 

By the above processingthe reference table 72 which carried out model 

expression of the image comparison 71 is completed. 

[0008]lnvestigation of the image comparison 71 is performed as follows using 

this reference table 72. Firstan image processing device incorporates an inputted 

image from the exteriorand asks for the gradient of the concentration value of an 

inputted image. An image processing device extracts an edge line from the size 

(edge intensity) of this gradient. An image processing device selects some points 

(XY) on this edge line at the focus Fi of an inputted image. 

[0009]Herean image processing device performs processing of following the (1) - 

(6) in detail about each of the focus Fi of an inputted image. 

(1) Set up angle-of-rotation thetar and the magnification S. 

(2) Compute tangential direction thetai of the edge line in the focus Fi based on 
the direction of a gradient of the focus Fi. 

(3) Search for tangential direction thetaj near "the aggregate value of tangential 
direction thetai and angle-of-rotation thetar" out of the reference table 72. 

(4) Acquire the numerical value (rjphij) corresponding to tangential direction 



thetaj for which it was searched out of the reference table 72. 

(5) It is based on the figure of these and is Xc=X+rj-S-cos (thetaj+phij)... (1) 

Yc=Y+rj-S-sin (thetaj+phij) ... (2) 

It computes and the candidate Rc (XcYc) of a reference point is obtained. 
^ ************** the accumu | atec | a (XcYcthetarS) set as fourth dimension 
parameter space corresponding to the parameter value Xc obtained in this 
wayYcthetarand S. 

[001 (^Generalization Hough transformation of the inputted image is carried out 
on fourth dimension parameter space by the above processing. An image 
processing device repeats such generalization Hough transformationwhile only a 
predetermined unit value changes angle-of-rotation thetar and the magnification 
S. 

[0011]Temporarilyif the image comparison is contained in the inputted imagea 
maximum point will arise in the frequency distribution of the accumulated A. 
Thenan image processing device extracts the accumulated A exceeding a 
predetermined threshold (XcYcthetarS) as a detecting point. It is presumed that 
the image comparison by which linear mapping was carried out for angle-of- 
rotation thetar and the magnification S exists in the position of the reference point 
(XcYc) in an inputted image based on the parameter value (XcYcthetarS) of this 
detecting point. 
[0012] 

[Problem(s) to be Solved by the InventionjBy the wayin the above image 
processing deviceswhen the number of the focus Fi of an inputted image was set 
to Nfthe number of units of angle-of-rotation thetar was set to Ntheta and the 
number of units of the magnification S was set to Nsthere was a problem that 
huge data processing of a time (Nf-N theta-Ns) had to be performed. 
[0013]When investigating scanning to the pixel unit of an inputted imageand pixel 
size of the inputted image was made into the horizontal Sx pixel and it was a 
vertical Sy pixelthere was a problem that huge data processing which also attains 
to a time (Sx-Sy-Nf-N theta-Ns) had to be performed. 



[0014]Thusin order to perform huge data processingthe time required required for 
investigation of an image comparison was longand the problem of being 
inapplicable was among the fields of which high-speed image processing is 
required. Soit aims at providing the image processing device which can 
investigate an image comparison simple and promptly from the inside of an 
inputted image in the invention according to claim 1. 

[0015]ln the invention according to claim 2it combines with the purpose of claim 1 
and the image comparison in an inputted image aims at providing the image 
processing device which can investigate this image comparison simple and 
promptly also in rotation or the state where scaling was carried out. 
[0016]lt aims at providing the image processing device which can investigate an 
image comparison exactlyalso when it combines with the purpose of claim 1 and 
the number of the focus of an image comparison and the number of the focus of 
an inputted image are different in the invention according to claim 3. 
[0017]ln the invention according to claim 4it combines with the purpose of claim 1 
and aims at providing the image processing device which can investigate an 
image comparison promptly much more from the inside of an inputted image. 
[0018]ln the invention according to claim 5the medium by which the image 
processing program for realizing the image processing device of claims 1-3 using 
a computer was recorded is specified as one mode of an invention. In the 
invention according to claim 6the medium by which the image processing 
program for realizing the image processing device of claim 4 using a computer 
was recorded is specified as one mode of an invention. 
[0019] 

[Means for Solving the ProblemJ Drawing 1 is a principle block diagram 
corresponding to an invention given in claims 1 and 2. Image processing device 
of this invention which investigates a predetermined image comparison from a 
given inputted image is characterized by that the invention according to claim 1 
comprises the following. 

The reference means 1 which memorizes beforehand the frequency distribution 



Srhotheta on rhotheta Hough space which performed and asked an image 
comparison for Hough transformation. 

Hough transforming means 2 which performs Hough transformation to an 
inputted image and is changed into the frequency distribution Trhotheta on 
rhotheta Hough space. 

Frequency distribution Trhotheta changed by Hough transforming means 2. 
An investigation means 3 to judge correlation with the frequency distribution 
Srhotheta memorized by the reference means land to judge "existence of an 
image comparison in an inputted image" by existence of the correlation. 

[0020]ln the invention according to claim 2in the image processing device 
according to claim 1the investigation means 3 is rho=rho/(average value of rho). 
Theta=theta - (average value of theta) 

On rhotheta Hough space which was alike and was standardized by being 
basedcorrelation with the frequency distribution Trhotheta of an inputted image 
and the frequency distribution Srhotheta of an image comparison is judgedand 
existence of an image comparison is judged by existence of the correlation. 
[0021] Drawing 2 is a principle block diagram corresponding to the invention 
according to claim 3. The invention according to claim 3 is [ this invention ] 
characterized by that the image processing device according to claim 1 or 2 
comprises the following. 

Frequency distribution Trhotheta from which the investigation means 3 was 
changed by Hough transforming means 2. 

The correlation calculating means 3a which computes a cross correlation 
function with the frequency distribution Srhotheta memorized by the reference 
means 1. 

The correlation judging means 3b which judges correlation based on a cross 
correlation function computed by the correlation calculating means 3aand judges 
existence of an image comparison by existence of the correlation. 



[0022] Drawjng 3 is a principle block diagram corresponding to the invention 
according to claim 4. In the image processing device according to any one of 
claims 1 to 3 the invention according to claim 4The continuation edge extraction 
means 4 which it asks for a gradient of a concentration value from an inputted 
imageand the direction of a gradient is in agreementand extracts a continuous 
edge groupCalculate a pixel number of an edge group extracted by the 
continuation edge extraction means 4have the edge judging means 5 which 
judges correlation with a pixel number of an edge group in an image 
comparisonand the investigation means 3lnvestigation of claims 1-3 is performed 
about an inputted image and an image comparison which were judged in the 
edge judging means 5 to be those with correlation. 

[0023]The invention according to claim 5 is the medium which recorded an image 
processing program for realizing the image processing device according to any 
one of claims 1 to 3 using a computerlt is the medium which recorded an image 
processing program for operating a computer as the above-mentioned reference 
means 1 Hough transforming means 2and the investigation means 3. 
[0024]The invention according to claim 6 is the medium which recorded an image 
processing program for realizing the image processing device according to claim 
4 using a computerlt is the medium which recorded an image processing 
program for operating a computer as above-mentioned reference means 1 Hough 
transforming means 2investigation means 3continuation edge extraction means 
4and edge judging means 5. 

[0025](OPERATION) In an image processing device in connection with claim 
1 Hough transforming means 2 performs Hough transformation to an inputted 
image from the outsideand changes into the frequency distribution Trhotheta on 
rhotheta Hough space. On the other handthe frequency distribution Srhotheta on 
rhotheta Hough space produced by performing Hough transformation to an 
image comparison is beforehand memorized by the reference means 1 . 
[0026]On rhotheta Hough spacethe investigation means 3 judges correlation of 
such frequency distribution TrhothetaSrhotheta. The investigation means 3 



judges whether an image comparison exists in an inputted image according to 
height of this correlation. In an image processing device in connection with claim 
2the investigation means 3 judges correlation with the frequency distribution 
Trhotheta of an inputted imageand the frequency distribution Srhotheta of an 
image comparison on rhotheta Hough space standardized based on a lower type. 
[0027] 

Rho=rho/(average value of rho) ... (3) 
Theta=theta - (average value of theta) ... (4) 

In the above-mentioned (3) typeswhen the frequency distribution Trhotheta of an 
inputted image and the frequency distribution Srhotheta of an image comparison 
are standardized by rho shaft orientationsrespectivelya difference in 
magnification between an inputted image and an image comparison is controlled. 
[0028]On the other handin the above-mentioned (4) typeswhen the frequency 
distribution Trhotheta of an inputted image and the frequency distribution 
Srhotheta of an image comparison are standardized by theta shaft 
orientationsrespectivelya difference in an angle of rotation between an inputted 
image and an image comparison is controlled. 

[0029]Thusmutual correlation can be judged on standardized rhotheta Hough 
spacewithout taking into consideration a difference in magnification and an angle 
of rotation which originally exist between an inputted image and an image 
comparison. Thereforeit becomes possible to investigate simple and promptly 
rotation or an image comparison by which scaling was carried out out of an 
inputted image. 

[0030]ln an image processing device in connection with claim 3the correlation 
calculating means 3a incorporates the frequency distribution Trhotheta of an 
inputted imageand the frequency distribution Srhotheta of an image 
comparisonrespectivelyand computes a cross correlation function about such 
frequency distribution. The correlation judging means 3b judges whether an 
image comparison exists in an inputted image according to a size of this cross 
correlation function. 



[0031]Herea cross correlation function is the value which standardized 
covariance between the frequency distribution TrhothetaSrhotheta with standard 
deviation of each frequency distribution. Thereforein a cross correlation functiona 
difference in picture element density between an image comparison and an 
inputted imagea difference in the number of the focusetc. are controlled 
appropriately. For examplewhen correlation of the frequency distribution 
TrhothetaSrhotheta is [ that the number of the focus of an image comparison 
differs from the number of the focus of an inputted image ] extremely highit is 
{Trhotheta-(average value of Trhotheta)} =A- {Srhotheta- (average value of 
Srhotheta)}. 
... (5) 

The constant A (A> 0) which carries out ****** satisfaction exists. A value of this 
constant A is a value produced by the difference in the number of the focus. Also 
in such a casea value of a cross correlation function is not concerned with a 
value of A at allbut takes a value of "1" mostly. 

[0032]Thusin an invention of claim 3correlation of the frequency distribution 
TrhothetaSrhotheta can be exactly judged by performing a correlation judging 
using a cross correlation functionwithout taking into consideration a difference in 
picture element density or the number of the focus. In an image processing 
device in connection with claim 4the continuation edge extraction means 4 asks 
for a gradient of a concentration value from an inputted image. The direction of 
the continuation edge extraction means 4 of this gradient correspondsand a 
continuous edge group is extracted. 

[0033]The edge judging means 5 calculates a pixel number of these edge 
groupsrespectivelyand judges correlation with a pixel number of an edge group in 
an image comparison. Such a correlation judging compares only distribution of a 
pixel number of an edge group simple and promptly. Thereforebased on a 
judgment of "having no correlation" in this correlation judgingit can be judged 
immediately that an image comparison does not exist in an inputted image. 
[0034]Howeversince it will compare only within the partial feature of a pictureit is 



difficult to decide promptly only based on a judgment "with correlation"if an image 
comparison exists in an inputted image. [ in this correlation judging ] Thena 
correlation judging about a pixel number of this edge group is used for an 
investigation candidate's narrowing down in the investigation means 3. By such 
an investigation candidate's narrowing downa picture with a mutually related low 
possibility can be excepted simple and promptlyand processing time which 
investigation processing takes can be shortened substantially. 
[0035]A program for realizing the above-mentioned reference means 1 Hough 
transforming means 2and the investigation means 3 using a computer is 
recorded on a medium in connection with claim 5. In all constituent features of a 
statementa set and a computer function on any 1 paragraph of claims 1-3 as 
image processing devices by executing a program on this medium in a computer. 
[0036]A program for realizing above-mentioned reference means 1 Hough 
transforming means 2investigation means 3continuation edge extraction means 
4and edge judging means 5 using a computer is recorded on a medium in 
connection with claim 6. In all the constituent features according to claim 4a set 
and a computer function as image processing devices by executing a program on 
this medium in a computer. 
[0037] 

[Embodiment of the InventionjHereafterthe embodiment in this invention is 
described based on a drawing Drawing i_4 is a figure showing the hard structure 
of the embodiment corresponding to claims 1-6. In drawing 4the main bus 12 
which usually exchanges data etc. at a speedand the high-speed local bus 13 
which is high-speed and exchanges data etc. are connected to CPU board 1 1 
which has an arithmetic processing circuita control circuit (not shown)etc. 
[0038]The disk drive part 14 is connected to this main bus 12and the recording 
medium 15 with which the image processing program etc. were recorded is 
detached and attached by the disk drive part 14. The display 17 is connected to 
the main bus 12 via D/A converter 16. The imaging device 19 is connected to the 
main bus 12 via AID converter 18. 



[0039]The memory 20 which stores picture informationfrequency 
distributionetc.and the high speed operation treating part 21 which performs high 
speed operation based on the instructions from CPU board 1 1 are connected to 
the main bus 12. On the other handCPU board 1 1the memory 20and the high 
speed operation treating part 21 are connected by turns via the high-speed local 
bus 13. 

[0040] Drawing 5 is a block diagram about the calculation function of this 
embodiment When this drawing 5 executes the image processing program 
recorded on the recording medium 15 in CPU board 1 lit indicates the function 
which uses the memory 20the high speed operation treating part 21etc.and is 
realized to a block unit. In drawing 5the inputted image picturized in the imaging 
device 19 and a new image comparison are inputted into the differential 
processing section 33 via the input processing part 31 . 
[0041 ]The output of this differential processing section 33 is inputted into the 
Hough transformation part 34 and the continuation edge extracting part 35and 
the output of the Hough transformation part 34 is inputted into the standardized 
processing part 36. the output of the standardized processing part 36 is 
individually inputted into the referred data storage parts store 37 and the 
correlation coefficient operation part 38 ~ on the other hand -- the output of the 
continuation edge extracting part 35 -- a pixel -- calculation -- it is inputted into 
the part 39. 

[0042]a pixel -- calculation - the output of the part 39 is individually inputted into 
the referred data storage parts store 37 and the edge similarity judgment part 
40and the output of the referred data storage parts store 37 is individually 
inputted into the correlation coefficient operation part 38 and the edge similarity 
judgment part 40. The output of the correlation coefficient operation part 38 and 
the output of the edge similarity judgment part 40 are individually inputted into the 
image recognition processing part 41 . 

[0043]Hereif the judgment "it is dissimilar about an edge part" is outputted from 
the edge similarity judgment part 40the image recognition processing part 41 will 



emit the following directions (dotted-line part shown in drawing 5 ). That isthe 
image recognition processing part 41 points to discontinuation of "processing in 
connection with Hough transformation" to the Hough transformation part 34the 
standardized processing part 36and the correlation coefficient operation part 
38and directs the instant start of the next processing to the input processing part 
31. 

[0044]About the correspondence relation of an invention according to claim 1 and 
this embodimentthe reference means 1 corresponds to the referred data storage 
parts store 37Hough transforming means 2 corresponds to the Hough 
transformation part 34and the investigation means 3 corresponds to the 
correlation coefficient operation part 38 and the image recognition processing 
part 41 . About the correspondence relation of an invention according to claim 2 
and this embodimentthe investigation means 3 corresponds to the standardized 
processing part 36the correlation coefficient operation part 38and the image 
recognition processing part 41 . 

[0045]About the correspondence relation of an invention according to claim 3 and 
this embodimentthe correlation calculating means 3a corresponds to the 
correlation coefficient operation part 38and the correlation judging means 3b 
corresponds to the image recognition processing part 41 . about the 
correspondence relation of an invention according to claim 4 and this 
embodimentthe continuation edge extraction means 4 corresponds to the 
continuation edge extracting part 35 -- the edge judging means 5 -- a pixel - 
calculation -- it corresponds to the part 39 and the edge similarity judgment part 
40. 

[0046]About the correspondence relation of an invention according to claim 5 and 
this embodimentthe medium by which the image processing program was 
recorded is equivalent to the recording medium 15. About the correspondence 
relation of an invention according to claim 6 and this embodimentthe medium by 
which the image processing program was recorded is equivalent to the recording 
medium 15. Drawing 6 is a figure showing the data flow of this embodiment. 



[0047]Hereafteroperation of this embodiment is explained focusing on drawing 5 

and drawing 6. 

(Starting of an image processing program) CPU board 1 1 reads an image 
processing program from the recording medium 15 first using the disk drive part 
14. CPU board 11 starts this image processing programand performs the 
following operation. 

[0048](Creation of referred data) CPU board 1 1 performs creation of referred 
data as follows about a new image comparison first. CPU board 1 1 incorporates 
a new image comparison from the imaging device 19the disk drive part 14or the 
memory 20. 

[0049]To this image comparisonprocessing of equalization compression is 
performed in the input processing part 31 (Step S1). Hereprocessing of 
equalization compressionis processing which reduces a pixel number by 
classifying a picture into the block of about 2x2 pixelsand taking average valuea 
median valueetc. of a concentration value for every blockfor example. By this 
processingthe pixel number of an image comparison is reduced to sufficient 
grade required for image recognition. 

[0050]The differential processing section 33 computes the X ingredient Gx of the 
gradient of a concentration value by applying the direction operator of X of 
Prewitt shown in drawing 7 (a) to the image comparison after this equalization 
compression (Step S2). This Gx is Y ingredient and consent of the direction of 
pattern edge. The differential processing section 33 computes Y ingredient Gy of 
the gradient of a concentration value by applying the direction operator of Y of 
Prewitt shown in drawing 7 (a) to the image comparison after equalization 
compression (Step S3). This Gy is X ingredient and consent of the direction of 
pattern edge. 

[0051 ]The differential processing section 33 is based on the gradient (GxGy) of 
each pixeland are edge intensity |G|=(Gx 2 +Gy 2 ) 1/2 ... (6) 
It computes and asks for edge intensity |G| of each pixel. The differential 
processing section 33 carries out the threshold decision of edge intensity |G| of 



each pixeland extracts the pixel exceeding a predetermined threshold as the 
focus (step S4). 

[0052]Nextthe differential processing section 33 is based on the gradient (GxGy) 
of the focusand is slope angle theta=tan 1 (Gy/Gx)... (7) 
It computes and this slope angle theta is memorized as data of the focus (Step 
S5). The angle of deflection of pattern edge serves as tan 1 (Gx/Gy). The 
continuation edge extracting part 35 classifies into each group (henceforth "an 
edge group") the focus when the slope angle theta was in agreement in the 
prescribed range atand the picture element position continued from the data of 
the focus for every edge group shown in drawing 8 (alpha). The continuation 
edge extracting part 35 computes average value thetaav about these edge 
group's slope angle thetaand the slope angle (theta-theta av) which standardized 
is searched for. 

[0053]on the other hand -- a pixel - calculation - the part 39 calculates the focus 
N [ several ] contained in each edge groupand computes the distribution ratio 
(N/M) divided by the total M of the focus, a pixel -- calculation -- the part 39 
makes a group the distribution ratio (N/M) of this number of the focusand the 
standardized slope angle (theta-theta av)and stores it in the referred data storage 
parts store 37 (Step S6). As a resultthe information about an edge group as 
shows drawing 8 (beta) is accumulated in the referred data storage parts store 
37. 

[0054]On the other handthe Hough transformation part 34 computes the centroid 
position of the focus by equalizing the position coordinate of the focus in XY both 
directions. The position coordinate (xy) of each focus is searched for by making 
this centroid position into the starting point. 

[0055]The Hough transformation part 34 is based on the position coordinate (xy) 
and the slope angle theta for every focusand is length rho=x-costheta+y-sintheta 
of an altitude... (8) 

It computes. As shown in drawi ng 9 (a)an altitude here is an altitude taken down 
from the starting point towards the tangent of the edge located at the focus. 



[0056]As a resultthe Q focus located in a line on the straight line on XY space is 
changed into the cumulative frequency Q in one (rhotheta) on rhotheta Hough 
space as shown in drawing 9 (b) (Step S7) Drawing 10 is an explanatory view 
showing the frequency distribution on rhotheta Hough space in three dimensions. 
The standardized processing part 36 is based on average value rhoav of length 
rhoand average value thetaav of the slope angle thetaand is rho=rho/rho av... (9) 
Theta=theta-theta av -- - (10) 

It computes and rhotheta Hough space is standardized to rho shaft orientations 
and theta shaft orientations (Step S8). 

[0057]By performing such standardized processingby various kinds of pictures 
shown in dr awing 11 the difference in magnification or an angle of rotation is 
controlled properlyand the same frequency distribution is obtainedfor example. 
The standardized processing part 36 stores the frequency distribution Srhotheta 
of the image comparison on standardized rhotheta Hough space in the referred 
data storage parts store 37. The frequency distribution Srhotheta of an image 
comparison is used for the standardized processing part 36[Equation 1] 

[Equation 2] 

It computesasks for standard deviation sigmas of the frequency distribution 
Srhothetaand stores in the referred data storage parts store 37 (step S9). n in a 
formula is the sample size on rhotheta Hough side. 
[0058]By the above operationcreation of referred data to a new image 
comparison is completed. 

(Processing image recognition to an inputted image)next processing operation of 
image recognition over an inputted image are explained. 

[0059]FirstCPU board 1 1 incorporates an inputted image from the imaging device 
19. To this inputted imageprocessing of equalization compression is performed in 



the input processing part 31 (Step S11). The differential processing section 33 
computes the X ingredient Gx of a gradient of a concentration value by applying 
the direction operator of X of Prewitt to an inputted image after this equalization 
compression (Step S12). 

[0060]The differential processing section 33 computes Y ingredient Gy of a 
gradient of a concentration value by applying the direction operator of Y of 
Prewitt to an inputted image after equalization compression (Step S13). The 
differential processing section 33 computes a size of a gradient (GxGy) for every 
pixeland asks for edge intensity |G|. 

[0061 ]The differential processing section 33 carries out the threshold decision of 
edge intensity |G| of each pixeland extracts a pixel exceeding a predetermined 
threshold as the focus (Step S14). Nextthe differential processing section 33 
computes the slope angle theta of a gradient (GxGy) of the focusand memorizes 
this slope angle theta as data of the focus (Step S15). The continuation edge 
extracting part 35 carries out the group division of the focus when the slope angle 
theta was in agreement in a prescribed range atand a picture element position 
continued from data of the focus at an edge group. The continuation edge 
extracting part 35 computes average value thetaav about these edge group's 
slope angle thetaand a slope angle (theta-theta av) which standardized is 
searched for for every edge group. 

[0062]on the other hand -- a pixel -- calculation - the part 39 calculates each 
edge group's focus N [ several ]and computes a distribution ratio (N/M) divided 
by the total M of the focus. It is judged whether a slope angle (theta-theta av) and 
a distribution ratio (N/M) by the side of an inputted image are in information about 
an edge group in the referred data storage parts store 37and tolerance leveland 
the edge similarity judgment part's 40 correspond here. 
[0063]lt is in tolerance leveland when not in agreementthe image recognition 
processing part 41 will be promptly decidedif an image comparison does not exist 
in an inputted imageand interrupts processing operation of image recognition 
(Step S22). On the other handit is in tolerance leveland when in agreementit 



judges that the image recognition processing part 41 has a high possibility that 
an image comparison exists in an inputted imageand processing image 
recognition on rhotheta Hough space is started as follows. 
[0064]Firstthe Hough transformation part 34 computes a centroid position of the 
focus by equalizing a position coordinate in XY both directions about the focus of 
an inputted image. A position coordinate (xy) of each focus is searched for by 
making this centroid position into the starting point. The Hough transformation 
part 34 computes length rho of an altitude by substituting a position coordinate 
(xy) and the slope angle theta for every focus for (8) types (Step S17). 
[0065]Based on average value rhoav of length rhoand average value thetaav of 
the slope angle thetathe standardized processing part 36 computes (9) types and 
(10) typesand standardizes rhotheta Hough space to rho shaft orientations and 
theta shaft orientations (Step S18). The frequency distribution Trhotheta of an 
inputted image on standardized rhotheta Hough space is used for the 
standardized processing part 36[Equation 3] 

[Equation 4] 

It computes and asks for standard deviation sigmat of the frequency distribution 
Trhotheta (Step S19). m in a formula is the sample size on rhotheta Hough side. 
[0066]As opposed to the frequency distribution Srhotheta of the image 
comparison in which the correlation coefficient operation part 38 was stored in 
the referred data storage parts store 37and the frequency distribution Trhotheta 
of an inputted image[Equation 5] 

It computes and asks for the covariance Cst (Step S20). k in (15) types is the 
sample size on rhotheta Hough side. 



[0067]The correlation coefficient operation part 38 reads standard deviation 
sigmas of the image comparison stored in the referred data storage parts store 
37and combines with the value of standard deviation sigmat of an inputted 
imageand the covariance Cst[Equation 6] 

It computes and the cross correlation function P between the frequency 
distribution SrhothetaTrhotheta is calculated (Step S21). 
[0068]The image recognition processing part 41 carries out the threshold 
decision of the absolute value of this cross correlation function P (Step S22). 
When this absolute value exceeds a predetermined threshold (about [ for 
example] 0.8)the image recognition processing part 41 judges with an image 
comparison existing in an inputted image. On the other handwhen this absolute 
value does not exceed a predetermined thresholdthe image recognition 
processing part 41 judges with an image comparison not existing in an inputted 
image. 

[0069]By operation explained aboveit can be certainly judged by this embodiment 
whether an image comparison exists in an inputted image. On rhotheta Hough 
spacesince a straight line on a picture is collected by one pointa complicated line 
segment which constitutes a picture is changed into frequency distribution of a 
simple point, thereforein this embodimentwhat is necessary is just to perform a 
correlation judging about frequency distribution of a pointand an arithmetic 
processing amount can be boiled markedly and can be reduced. 
[0070]in this inventionsince an image comparison is recorded in the form of 
simple frequency distributiona storage capacity required for memory of an image 
comparison can be boiled markedlyand can be saved. Since many image 
comparisons will be recorded especially in a device which performs character 
recognitionthis invention is dramatically preferred. In this embodimenta 
correlation judging is performed on standardized rhotheta Hough space. On this 
standardized rhotheta Hough spacea difference in magnification and an angle of 



rotation which originally exist between an inputted image and an image 
comparison can be disregardedand mutual correlation can be judged. Thereforeit 
becomes possible to investigate rotation or an image comparison by which 
scaling was carried out simple and at high speed out of an inputted image. 
[0071]Since the cross correlation function P is used for a correlation judgingit can 
be judged whether an image comparison exists in an inputted imagewithout 
taking into consideration "a difference in picture element density" and "a 
difference in the number of the focus" between an image comparison and an 
inputted image. In this embodimentsince information about an edge group is 
compared as prior processing of image recognitiona candidate who should 
investigate can be scolded exactly and a correlation judging of frequency 
distribution can be carried out. Thereforeprocessing time which image 
recognition takes can be shortened substantially. 

[0072]Although only a judgment of whether an image comparison exists in an 
inputted image is performed in an embodiment mentioned abovean application 
use of this invention is not limited to this. For exampleas shown in drawing 12 it 
may be judged whether a partial area of an inputted image is started and an 
image comparison exists in the partial area in a similar manner to be an 
embodiment. A partial area which includes this partial area for an image 
comparison horizontal scanning and by carrying out vertical scanning can also be 
searched out of an inputted image. 

[0073]Although an embodiment mentioned above explained a case where an 
image comparison was the singular numberthis invention is not limited to this. 
The judgment same about two or more image comparisons as an embodiment 
may be performed to serial. In an embodiment mentioned abovealthough the 
cross correlation function P is used for a correlation judging of frequency 
distributionthis invention is not limited to thisand if it is the technique of a 
correlation judgingit is [ anything ] good. For examplea correlation judging of 
frequency distribution may be performed using the matching techniquessuch as a 
remainder sequential test method (the SSDA method) and a difference sum-of- 



squares method. 

[0074]ln an embodiment mentioned abovealthough the cross correlation function 
P is computed for a correlation judging of frequency distributionthis invention is 
not limited to this and may compute a numerical value convertible into a cross 
correlation function. 
[Equation 7] 

For exampleusing an upper typethe square value (what is called a contribution) 
of the cross correlation function P may be computedand it may be judged by the 
threshold decision of this square value whether an image comparison exists in an 
inputted image. Since a square root operation required for calculation of the 
cross correlation function P can be excluded in such compositionit is suitable. 
[0075]ln an embodiment mentioned abovealthough each pixel number N of an 
edge group is standardized in the total M of the focusthis invention is not limited 
to this. For examplea correlation judging may be performed about each pixel 
number N of an edge group. Although an embodiment mentioned above has not 
described a kind of medium which recorded an image processing programthis 
invention is not limited to a kind of this medium. For exampleROM (read-only 
memory)a semiconductor recording mediuman optical recording mediuma 
magnetic recording mediumor an optical magnetic recording medium may be 
used. 

[0076]Although an edge part of a picture is extracted and it is considered as the 
focus in an embodiment mentioned abovethis invention does not necessarily 
need this processing. For examplewhite or black either should be made into the 
focus in a monochrome line drawingwithout extracting an edge part. In an 
embodiment mentioned abovealthough a gradient of a concentration value has 
been obtained using an operator of Prewittif it is a spatial differentiation 
filteranythings can be used. For examplea gradient may be computed using an 
operator of Sobel as shown in drawing 7 (b)etc. 



[0077]ln an embodiment mentioned abovealthough execution of an image 
processing program is performing a series of operationsthis invention is not 
limited to this. For examplea part or all of composition as shown in drawing 5 
may be transposed to a gate array circuitor a custom IC and other hard 
structureand it may realize. Although an embodiment mentioned above described 
a device which has the high speed operation treating part 21 this invention is not 
limited to this. For exampledata processing as shown in drawing 6 may be 
performed using a common computer. 
[0078] 

[Effect of the lnvention]As explained abovein the invention according to claim lit 
can be certainly judged by carrying out the correlation judging of an inputted 
image and the image comparison on rhotheta Hough space whether an image 
comparison exists in an inputted image. Usuallyon rhotheta Hough spacesince 
the straight line on a picture is collected by one pointthe complicated line 
segment which constitutes a picture is changed into the frequency distribution of 
a simple point. Thereforein this inventionwhat is necessary is just to perform a 
correlation judging about the frequency distribution of a simple point in many 
casesand the arithmetic processing amount which carries out necessary to a 
correlation judging can be reduced. 

[0079]Since the arithmetic processing amount which carries out necessary to a 
correlation judging as mentioned above is reducedit becomes possible to shorten 
efficiently time to carry out necessary to investigation of an image comparison. 
Thereforeit is suitable for the use as which high-speed image processing is 
required. What is necessary is just to record an image comparison by this 
invention compared with the case where an image comparison is recorded by bit 
map format etc.in the form of the simple frequency distribution on rhotheta Hough 
space. Thereforethe amount of information which should be memorized generally 
decreases. Thereforeit becomes possible to save the storage capacity of a 
reference means efficientlyor to record many image comparisons conventionally. 
[0080]Since many image comparisons will be recorded especially in the device 



which performs character recognitionthis invention is dramatically preferred. In 
the invention according to claim 2correlation of frequency distribution is judged 
on standardized rhotheta Hough space. On this standardized rhotheta Hough 
spacethe difference in the magnification and angle of rotation which originally 
exist between an inputted image and an image comparison is controlled. 
Thereforemutual correlation can be judged exactlywithout being influenced so 
much by the difference in magnification or an angle of rotation. As a resultit 
becomes possible also about rotation or the image comparison by which scaling 
was carried out to investigate simple and at high speed out of an inputted image. 
[0081]Complicated data processing needed to be repeated repeatedly especially 
in the image processing device which adopted the conventional generalization 
Hough transformationhaving reached far and wide and changing magnification 
and an angle of rotation finely. Howeversince the difference in magnification or 
an angle of rotation can control easilythe invention of claim 2 is sufficient a 
correlation judging is performed as it isor magnification and an angle of rotation 
are shifted slightly and a correlation judging is performed. Thereforean arithmetic 
processing amount decreases much more and it becomes possible to shorten 
arithmetic processing time substantially. 

[0082]ln the invention according to claim 3correlation of frequency distribution is 
judged based on a cross correlation function. Thereforeit can be judged exactly 
whether an image comparison exists in an inputted imagewithout being 
influenced so much by the difference in picture element density and the 
difference in the number of the focus between an image comparison and an 
inputted image. In the image processing device in connection with claim 4since 
distribution of the pixel number of an edge group is comparedthe candidate of a 
picture who should investigate can be narrowed down simple and promptly. 
[0083]Thereforea picture with low correlation can be excepted simple and 
promptlyand the processing time which investigation processing takes can be 
shortened efficiently. In the medium in connection with claim 5all the constituent 
features indicated in any 1 paragraph of claims 1-3 gather by executing the 



image processing program on this medium in a computer. Thereforea computer 
can be operated as any 1 paragraph of claims 1-3 as an image processing 
device of a statement. 

[0084]ln the medium in connection with claim 6all the constituent features 
indicated to claim 4 gather by executing the image processing program on this 
medium in a computer. Thereforea computer can be operated as the image 
processing device according to claim 4. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a principle block diagram corresponding to an invention given in 
claims 1 and 2. 

[Drawing 2J It is a principle block diagram corresponding to the invention 
according to claim 3. 

[Drawing 3]lt is a principle block diagram corresponding to the invention 
according to claim 4. 

[Drawing 4]lt is a figure showing the hard structure of the embodiment 
corresponding to claims 1-6. 

[Drawing 5]When the image processing program recorded on the recording 

medium 15 is executed in CPU board 1 lit is the figure which indicated the 

function which uses CPU board 1 1the memory 20the high speed operation 

treating part 21etc.and is realized to the block unit. 

[Drawing 6]lt is a figure showing the data flow of this embodiment. 

[Drawing 7j lt is a figure showing an example of the differentiation filter on space. 

[Drawing 8j lt is a figure explaining the information about an edge group. 

[Drawing 9j lt is a figure explaining Hough transformation. 

[Drawing 10j lt is an explanatory view showing the frequency distribution on 

rhotheta Hough space in three dimensions. 



[Drawing 11] lt is an explanatory view of the standardized processing on rhotheta 
Hough space. 

[Drawing 12|lt is a figure explaining pattern matching in XY space. 
[Drawing 13j lt is a figure explaining typical image processing (conventional 
example) by generalization Hough transformation. 
[Description of Notations] 

1 Reference means 

2 Hough transforming means 

3 Investigation means 

3a Correlation calculating means 
3b Correlation judging means 

4 Continuation edge extraction means 

5 Edge judging means 

1 1 CPU board 

12 Main bus 

13 High-speed local bus 

14 Disk drive part 

15 Recording medium 

1 6 D/A converter 

17 Display 

18 AID converter 

19 Imaging device 

20 Memory 

21 High speed operation treating part 
31 Input processing part 

33 Differential processing section 

34 Hough transformation part 

35 Continuation edge extracting part 

36 Standardized processing part 

37 Referred data storage parts store 



38 Correlation coefficient operation part 

39 a pixel ~ calculation ~ a part 

40 Edge similarity judgment part 

41 Image recognition processing part 
72 Reference table 



(19)0#B#fFJf (JP) 02) & Hfl ^ IrF & # (A) (ll)tiffftBM&H#f» 

#H¥10- 162139 

(43)&M0 ¥^10^(1998) 6^190 



(51) IntCl. 6 MSlJfa^ 
G 0 6 T 7/00 
GO IB 11/00 



F I 

G 0 6 F 15/70 3 3 0 F 

GO IB 11/00 H 

G0 6F 15/62 4 0 0 



m&m* *M$ Mf&BOfte OL (£13J© 



(21)fflffi#^ 


»WT8 -317740 


(71) a® A 


000004112 














(22)msB 


8 ^(1996) 11 £280 




3KK«=FftfflEyLOF«i 3 TS 2 # . 








(72)»9I# 












^^=PftffiK3ti©rt3TS 2# t 


















(74)ftl!A 


#a± sue on© 





(54) imxozm mmmmmm, ^xmrnmrn-fu^^mrnvtm^ 



(57) mm] 

7p ? ^ i*£KS L fcMmz m U AT: Sftrt 6 #BS 
0 is #BS#S 1 fcK«**i/-cj£»5M&S p 0 tOfflffl 



2 3 



«7M 



(2) 



ftlH¥ 10-162139 



fuKA*lii*K:/\7£Sj£fifiU p0/\7SIH±©Jffi» 

imcssif */\7£»#a£:. 

HI 2 ] If 1 tcEl^DBftffillgBtcfc^ 

tuESft^aiix 

p = p/ (p©¥» 

0 = 0- ceoTi&fflD 

ic»^T«»fk*nrcp 0/\7£Pi±tc&^T, me 
u mmmomm^ & y mmmmimmm^ 

3 ] ff«q| 1 Sfcttff&fl 2 (cEKOBfttt 

WE/\7*si#ate«fc y $«*nn:js»^tx me# 
pa#aicE«*nn:jg»^ta)fflsfflM«»*»ai-r 
§ffin»tti#a<t, 

iuEiiM3tai#afc<fey»ai*nn:fflsfflMflR»fcs^ 

l^T*B[WJ£ U tuEfflH<D^te[c J: y jftlE#P3ii« 

cD^to^?uKr^fflnws#a<t^e^fcc<t^a<t 
hi 5Rii 4 ] tmm 1 Lit^ii 3 wrm? 1 si 

icEK^BMISEtcfcl^ 
fuEA7JBfacftLIM©y ! 7-7x> h£#4k ?5 

tuEa^x y *m&¥8nc& y ttaj *nrcx y -7$<db 

*»£W-» U fuK#BBH«fc33W-Sx y -7$<DBIRifc 
£®ffll!B£*J£**xy$;*J£#a££«7L 

tuESft#att, 

tuEx y >>f y^aicfcwfBfii^ y t mfeztitc a* 

HI 5 ] ffi$]1 1 Lit 3 1 31 

lc EKcDB^SQUSB^ =1 > tf j. - $ *m l^T WXt % 

u>b°a-^^ t5E#ps#a, tuE/\7$si#ae<fe 
tftuEaft#atLT«ti**«/-c4&oii«ftia7'p^ 

HI 6 ] tmm 4 lcE«<DB«ISB=& =i > tf 



a - * l^THIir « /c46(DB#SQH7p ?7 iv&K 

=l>t°a-^^ luE#PH#a fuK/\7£»#a, 15 
ES4#a, tuE»^x y s;ttaj#afi<fetfluEx y v> 
WS#ai LT^?-y:^/c46(DB#SQIl7P^7^ 

[0 0 0 1] 

H<D*fr6, mS©#PSB#=&Sftr^B#SQHSBs 

fc<fc tf*©g«£ =i > tf a - * *m i^t mir * /c 

[0 0 0 2] 

[fi£*©Sffi] U-+f-JOlgB^Xxy/\°-T- 

©g»Ett£fr?gB&lgMfc**iTV*o 
[0 0 0 3] C*iS©£BTH\ A7J£*l/c£/7<DB 

So jfiBlx ilClOiiffliglt LTtix -*MfcM7 
[0 0 0 4] 01 314, EflMTC>-»fb/\7*SMC<fc* 

[0 0 0 5] #BSB1t7 1 6\ BliSQIIgBlc^ 
#>g§i;5r*l3 0 iI0g®lc^LTs BftttLSgBli. # 
PSBfit 7 1 0±fcS*jS R g (X g , Y g ) =&f§£<r 

0)jlS*ffiBfcR^*n*o *lEx BWISBli, # 
BSB1i7 1 ©jlJSiBlco^TBKCicD^^xy 

CflD^5S^X> l-©±*5- (xy^tJS) 6^6x 
yv^O^tettiTSo 

[0 0 0 6] B#©IISB^ C©xys;70©±© 
^<o^<7)*^ WSKWm&m&* j (J-XT rq^s 

jSf jj <ti^) icssr^o itffligi 

«s K«jSF jcDflH^lco^T, TE (1) ~ (4) (D 
[0 0 0 7] (1 ) «£F j C0v-7i>I> h75^lcS 

(2) #«jj|F j ICjJttSxy^^XDSHi, 

(3) j <tS*jSR j <t<D£Bit r j =&«t±J"T 

So 



(3) 



ftlH¥ 10-162139 



(4) c©«fc5KJtm**ifeffle j . <p j , r j itmic 

[0 0 0 8] C(0#It-^1/7 2£ffl^"c\ &<7><fc? 

■14. ttSB#SA7:B«£flXyaa^ A73ii«<DjlJSli 
0^v>X> h£#4&* 0 B#SQHgBt4, ZOV^J 

0* (X, Y) A73B#©»£F i tcSlTf 3o 
[0 0 0 9] a#SQIIgBt4, A7JB«4>ft» 

Xc=X + r j • S - cos (0 j - 
Yc=Y+ r j • S • sin (0 j - 
*JtmU VMiOfefflRc (Xc, Yc) «ft« 0 
(6) C<0«fcdfcff5ftfc/^><-*fiIXc. Yc, 0 
r, Sfc*fJSLTx ra^^*-*SIHfc»3£*ftfc 
JSfffilA (Xc, Yc, 0r, S) 'J 
% 0 

[0010] j-x_h£D5aiMtc<fcu. A7imm\ 0*76/ < 

7*-*SIIB±fcHlJMfc/\7*SKr*l*o B^SQSgB 
14. C©«fc5a-«!fk/\7S«i*x Elfift 0 r £<fctfffi 

$ s *Bf£<o*j*ffl^«JE Lft s* y is-r. 
[0011] ffitc A*i»rtfc#pai»^*sftTt , » 

3<t, IMA0jftB&$(z(*S*£&£i;«. ^E 
T\ H»IgEt4, ffii&0HfiI£iffi*.3SflMiIA (X 
c, Yc, 0r, S) ^SiaiTKOhtLTttai-rSo 
:«*y>^/t7^- $tffl (Xc, Yc, 0r, 

s) (c»-5^Ts mme rtikmrnsT-m^m 
*itcmmm\ atdb^cds** (x c , yc)© 

[0 0 12] 

t U mm 0 r N8tU fn$ S <&*]*» 

^Nsmc, (Nf • Ne • ns) 0flDK*aaw 

[0 0 13] ?61C A73B«©B*mffifcj£SLS^ 
SSft*ft5«fc 5 AJiBflWEilttf'fX* 
*HS xWmt U ItS yBfRiT^ (Sx-Sy 
N f • N 0 • N s) mfcfcJWWfcfc&SJMGS&HfrL 

a «■ *u* a e a ^ t i^a iwij^as o /c 0 
[0014] c(o<fc5K:«^s3iJWQS*iifT-r*rc 

ifitovlto *<n?\ H*fll1fcEtt<0*W?(4x A73B 

*B«ftl3£B£«#tf * C £: «■ § ft i: 1" 3 Q 
[0 0 15] BI»S2K:EK<0«*-?tt, »*S10I 



&f mmwivTs tib (D ~ (6) <mm&m 

(D 0is^0r, fg*s^issr^o 

(2) wa^F i fl)^7^iv h*iRiics^T, #a 

,£F i KfcWx>y5>7<V<DJgii£ft0 i 

(3) #bsx-?7U7 2 0^5. rgn^^0 i £0 
3te£|0 r <tOl)0»fBj lc^SH75^0 j ^S^r^o 

(4) #K|x-7/U7 2<7)*fr6, S^?tl/cSH75^ 
0 j fc»jfrr*Sfi! ( r j , <p j ) £|f 3 Q 

(5) C*i6©«fillES^T 

l-pj) • • • (1) 

F<pj) • • • (2) 

'jN**l/ctt^lcfc^Tts C©#BSB«*iB<lAo^i 

ic^ar a c 3B#$angB£is« r * c ts- 

[0 0 16] »*E3fclE«©£ETU\ »*JJ11 <D§ 
ftifHtT, #BSB«©1t«jSai:. A*iB«©ft*£ 
Rtfl«ffi3tLT^*«&fc%., #BBB«©J£S£ft5tl:: 
T# *Hflt*Q3S«£«0W- * E t £S ft <t 

[0 0 17] M^4lclBK0«WTtt. H*flI1 ©S 

tTZo 

[0 0 18] »^5fClBK©«^T*tts HS/fcfa-* 

zm^Ttmm i ~ 3 ©B««iss«*si3i-r 

I«l7c ?5 ^Ei*ftftift*, 3&E©-IH1 

- * *e ^ Tit 5R« 4 o)wmwmw£nm % tc ®cd 
i«i7c 9=7 hmmz titdm*. mmo-mm 

t LT«St*. 
[0 0 19] 

[BjB*ft|j*-r«/-c4&©#a] Hltts 2lc 

icKKOSEtt* Stirc A7:B«A^5m£0#fiSB 
li^S41-^B1t$QHgBT-SoTs #BSB«lc/\7$ 

^i6IB1fr*#fiS#ai is A7:B«lc/N7$Si*Bfi 
U p0/\7SIH±OJS»»*Tp0lc:$Si-r«/\7$ 

«#a2t, /\7$si#a2ic:<fey$si*ti/-cjs»»* 

T p 0 <t x $PB¥& 1 KK«**ircJffiR»* Sp9t(D 

[0 0 2 0] M$qi2(clBK<09e%tt. «*^HcEK 
CDB^SQUSBICJJ^T. Sft#S 3 14, 
p = p/ (p(D¥±Sfi) 
0 = 0- (0(D¥±Sfi) 



(4) 



ftlH¥ 10-162139 



H«®J£»5M&T p 0 <t#fiSB«OJS»^S p 0 <fc<D 

[0 0 2 1] 0 2tt, W#E3fcK«(&«El«:*fj£-f a 
ill $/clilf5Rii2lc|BKcDiil#SQiISBtcfc^Ts & 

t p 0 <t, #sa#a 1 icE«*nrcjsa»* s p 0 <t<D 
*as*BB8«««-itaj-r s*aBB3f 3 a ts tmnm 
#IS3 a ic<feyjtaj*nn:fflsfflffl«!asi!:»^Tfflffl 
mm u ^cD^KD^tejc <t y mmmvmmmm 

[0 0 2 2] 03ti, W3RE4fcEtt©38Efc*fJS-r* 
JSS^Py^ET?**o »*^4lcEtt©^ttx BIS 

11 1 lhe^s 3 AD^-rn^ 1 mfcismvwmiim 
a#a 4 ic * y ttaisnrcx y ^©iatafcw-a u 

#BBiS«tefi^Sxy5^<Oii3l6«t<0*IM*!pJ3£-r* 

xy$;!pj£#a5t*fli^ s«#S3t*. xvs;w£ 

#a5 fcfi^TffiH^y £M£*tifcA*ii«£#PilBi 

[0 0 2 3] »*3l5kEKa)«Wttx W5RH1 ftl^L 
Bf5RiI3<D^-ftlfr 1 JItcEl6©B»I8E£=l>k: 0 

a - * i^mir « tctoowmmfn 9=7 a^e 

SWc«ftT?SoT, n>t^-*£, ±E<D#P,s#a 

1 , /\7$si#a2fe<fetffiES#a3 <t Lzmma^ 

[0 0 2 4] W*^6lcEK©«^ttx »*3I4kEK 
©BfsSQUSB^ H > tf n - * l^T HHf 3 fc 460 

mammon 9=5 u&m. L/cim^i, =i > ti 
±E(D#ps#ai, /\7^#a2, ss#a 
3 , mm*, y $;ttaj#a 4 33 x y >«#a 5 1 l 

[0025] Mm) tmm 1 ic A^tosffl«saas« 

{Tp0- (Tp0(D¥» } =A • 
£K£ji§ErS£aA (A>0) i)^fit5„ £<D£a 

AcDfiii, ^«js»oai^c<fey4u«fiiT?sSo £© 

lC-1jD^t)6T\ (3£ rij (Dfi^K^o 
[0 0 3 2] ^(DcfcaiC M*S3<0««7?(4, fflSffl 

^«jS»oai^#j8*ric jffi»»*Tpe. s P 0 



T»Sftfcp0/\7ffiM±flDfflR$MiSp0jEk 

[0 0 2 6] ggft#a3tt, p0/\7SIH±lcfi^T. 
C*l5©JS»»*Tp0, Sp0CDffil^|iJSrSo S 
4#a3tt, CflDffiWDKSfcJ&UT, A7:BMc# 

*&fb**lfcp 0/\7^«±lcJ5^Ts A73Bfi<DJta5} 

p 0 i#BSH«©jsa»*s p 0 i^ai^iusr 

So 

[0 0 2 7] 

p = p/ (pCD¥» • • • (3) 

0 = 0- (eco^mm • • • (4) 

±E<D (3) aTtt, A^H«©JSa»*Tp0t#BS 

b«©js«»^ s p 0 <t*\ *nfnp«i*iSfc»Bfb 
c t k «fc y , Aj]B# t #pim t ©ih asw-s 

[0 0 2 8] ±e© (4) Atimmom 
a#fc j P et #BSH*©jsa»^ s P ett\ * 
*i0tt*iRHcja«fb?*i*e:ttcd;y, A*js«t#Ba 

[0 0 2 9] EflD«fc3fc, j9M*fb*ftfepe/\7ffiM± 
[0 0 3 0] »^3fcA^to*B««iaS«-Z?tt. 

nmtu#a3a*\ A*iH»a)jsa»*Tp0t, #p,i 
ffl«©j®»»*sp0t*^tifnixya*x ens© 

a3btt. C©ffiSffiBI«»©*#*lEjSUTx A73B 
^rt lc#psB1i^a r Sft^A^JpJBrf So 
[0 0 3 1] cc?, fflSiBBflaStt, JS»»*Tp 
0, Sp0OIH©«»»*x ffl^OJS»»*0«*fflM 

T*ffl«5fbLrcfiiT***o Ltcft-oz, ^mmmmcte 
^ziz. &mw»tAtiwstt<DM<Dwmmm<i>m.v 

#RSH«o^«js»t A*B«o^«jS»t #Jta y ^ 
t P 0 , s p 0 mmftrnmicm^mt;, 

{Sp0- (Sp0CD¥» } 

• • • (5) 

toSB^SQSSBT-li, »^x-y 5>HilH#a4jfk A7: 
ffl«lcjt»f LT»Sfil0^^x> h^5R46So a^x-y 

> f ttai#a4tt, L®^yi>KDj^Mu ^ 

o3HS-r*xyS^3&tt{H-ra 0 
[0 0 3 3] X y $;?J£#a 5 (4. C ft 6 ©X y ^0 

wmmzzft^fttm u mmmzts^^n y 



(5) 
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0T?£* O L/ciibT, C©ffiH?J£KfiJtS 

[0034] l»li*»&s wmo-smmzm^TSt 

J A73B«fcU:#8SB«tf 

or y 5a^ic cfc y x mm^tmrn^m^mm^ 
[0035] imm5icfrfrt>2>mmm, ±ib<d#bs 

#S1 , /\7^#IS2JJ<fcO : SS#IS3^=l>t 0 iL- 

[0 0 3 6] »*a6lcfrfrfe*«fWcW:, ±EO#PH 
#® 4 J3<fctf X y 5 > -*£ffll^T 

intuit. ^y¥j.-$fc$>^znm%z.tfr& 

y. »5Rii4tc|Bi6<D^MW^TJMl\ 
[0 0 3 7] 

tfzmmoiBmttmwtZv m 4 imm 1 ~ 6 tc*j 

PU#- K 1 1 tcti, BBSS"^—*^© 

(D'p y ix y iisn 1 3 ttfrnmsix 

[0 0 3 8] C0^^>/U1 2lC«fVX? 

squ^p ? ^ ^ftf ES**ircEaaKt 1 5 

*l* 0 S/"c. ^<>/Ul2lC«, D/AP>/\-*1 

/ttl 2fctt, A/D3V/\-^1 8£t>LT£«S11 
1 9^S^?tl^ 0 

[0 0 3 9] $/c, 2lC«, Bft1f3?£ 

RSM&a£*«B»-r*><* y 2 0 <t, c p u#- k 1 1 

B2 1 <t^gl^*tl« 0 c p u#- k 1 1 , 

y 2 ojjcfcy : iis^»SQiigP2 1 it s mmn-tmnx 

1 3*7>LTSSlcffii^**l«o 



[0 0 4 0] mste, *HBfiJg||(3!>S3t«tllcBB-r«^ 
p^1^„ £<D0 5l;t, RES&ttl 51CIB 

g**lfcE*«yi7 0 P?7iv&C P U#- K 1 1 icfc^ 
TH^t L/cHHC /■ =E y 2 0 fe<fetf1SSS3tftlSSP 2 1 

B5K6L^ HfsSBI 9lcfcW^ 
**ifcA7:H#is *f^O#fiSB«tl4. A7J$QHBP3 
1 ^5>LT^5j5QHSP3 3lcA7:?tl^o 
[0 0 4 1] ^cD^5jSQIISP3 3<D&J]l*s 
3 4tJ c feO : a^X-y v^tt[iJgP3 5lcA7:?tls 

m4(Dmtnt. %mtssm3 6fcAti-&ft%o m& 

fkiQSgP3 6©ai7:t4. #PSx-^IB'lgP3 7 33cfcma 
ffl«aaWSP3 8lEfflSiJlEA73**U -75, a^x-y^- 
ttaig|53 5©ai7Jttx H*f+iijgP3 9lCA7:?tl^o 
[0 0 4 2] H*W-aSP3 9®ai7Jl4, #P,Sx-^IB'l 
3 7 £«fctfx y v^fiffiW^SP 4 0 lEfflSUlC A73 * 

*u #psx-^iB'i^3 7fDt±i7jti. tmimmnm 

8 fiiffiy 5fl»iKtt«:©»4 0 ldfflBUl«:A*iS*i*o 
*BH»;iiSsP3 8<Da7J<h\ i7i>lfM»4 0 

<Daj7D«tt*. iasu(cjB«Kai«is^4 1 icA^n^o 
[0 0 4 3] i7i>l«M4 0^6 rx 

B«|g^«iSSI54 TIBcDfl^ (HSifJ^f 

*«-r* 0 B«KK«asffi4 1 it, 

J\ymm^3 4, ^b&II^3 6fcd;t>'fflll«^ 

[0 0 4 4] ftfe, »^HcEK0)«^t*SIBS^II 

W3 7tC»(SU /\7S»#a2tt/\7S«SSI53 4lC*f 
(5U SE4#S3ttffiffl«»ai3tg|5 3 8£J:tfBi«fS9i 
5QIISP4 1 fc»JS-T«o W*E2lcK«®3&E£:*5SBfi 

ssp3 6, mmm*®3 8ts&xm*wmsm4 
1 jc»jES-r«o 

[0045] mxm3izmm(D%mt*mmfimt(Dtt 

3 8K«JEU *«J£#f£3 bliBM^iiSQUSM 1 
JSMfSfEO^Tl*. »^X y v^tttiJ^IS 4 li»^X y *; 

ttasp 3 5 testa u x y s;ws#a 5 iiB«f+asp 3 

9 fccfctfx y S^BUKttWeffi 4 0 icttl&TZ, 
[0 0 4 6] «^5lcEK(3!>«^t*||Bfi^J|t(3!>Ssf 

[0 0 4 7] iXT, 0 5, 0 6^^l4cLT*H^M 
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msmw-fnv? koymti) %t\ c p u#- k 1 1 
ewvmm-fnv^ix&mfoiUTo c p u#- k i i 

14. COBftiQS^P^A^iEBiLTs TEOBrft* 

[0 0 4 8] (#iH7 f -*<0ftriB CPU#-K 
1 1 14, Sf^O^Bftlco^T^T-^^fiE** 
O^dtcHfTT^o C P U#- K 1 1 14, §T*l<D#PSij 
fs=&, HfsSBI 9, tVT.7 K^YT^M 4$fct4^ 

tu 2 oa^ercy&fe, 

[0 0 4 9] CO#Baa«tt, A7:$I1IIBI5 3 1 icfcl^T 
T\ r ¥ iSKbEf§<»lj <fct4, 0J*J4, ffl{t£2x2 

mmmmoyn -y ? tc l, &7~p y * (zajgfii 

X-y^tJt I G | = (Gx2+Gy2) 
HBP 3 3 14, #ffl*©X'y^aiJS I G i ^rafawsu 
-y7S4) o 

[0 0 5 2] :Mc, tt»SflSW3 3 14, #nti<D?5 9 J 
JLyh (Gx, Gy) [CS^T, 
fi]iBS0=tan-1 (Gy/Gx) • • • (7) 

t4, tan-1 (Gx/Gy) <t&3 0 il^X-y 5/«iiiJSI3 3 
5 14, ft*j£©T-*fr6x ^IBS0^P/TStBHrtT— 
SU #OfflJS{M^I|^Lfcft»j5£x 0 8 (a) lc 

avrxys^ctic, {E*<D7"/i/-7 (J-xt rxvs;^ 

/l/-7j <tl^) tcE^I"^ £6tC ii^x-yv^tii 
BP3 514, CftSxv5/?/|/-7°a>*JEftefc:o^T¥ 
±Sfi0av^»[iJL, £8Kb£J6Lrt:*JEft (0-0av) 

Ili©I?p=x • cosO + y • sinO 

^»ajr^o a&\ 09 (a) ^-r^atc cc-w> 

SH14, «*lcfuBr^x-yi>'<DSIitc^ttT, JBCjS 

[0 0 5 6] ^(DIS^, XY^H±T— Bli±lcMA,T- 
l^cQ{E0«£jb\ 0 9 (b) Icjfxfcfc-Mc, p6J\ 
72IH±®-j5 (p, 0) kfiit**WBRQfc*«* 

*i* Ut77S7) c a&\ 01 oi4, po/\7sra 

IISP3 614, mZpOW-mmpwt, £JlBft0<D¥£jfil 

eavilcS^T, 

p = p/pa\i • • • (9) 

0 = 0-0av • • • (10) 

*j*aju pej\7£m*pmfa&&T}emfaicM 

a s = EE (S p fl-Si 



tV 7* Vfiia £ £ <k 3 3 <t ic <fc y , HfSifc 

[0 0 5 0] «5NQSSI53 3(4, 3 <D¥£tfbEf§f£<D# 
BSIhfcfcfcfLT* 0 7 (a) icifxf P rewi t t(0X 
75[Rl*^U-^^Ht, JlJSficD^^xy h®XfiB# 
GxttW&TZ Ut7 7S2) 0 £33, 3<DGxl4, 

»ffiSgP3 3ti, ¥£{bffiffi£®#BBii«fc:*fLT. 0 
7(a) IC^TP r ew i t t <D Y^Ir]*'* 

it, ausfii©^^x>hoYfiE»Gy*3tai-r« a 

777S3) „ afc\ 3CDGyl4, /\^->l7i>'^ 

[0 0 5 1] t»»iQSg|53 314, &H*®?7 5>X> h 
(Gx, Gy) KS^T, 
'2 ... (6) 

[0 0 5 3] -75, jBXttiK^3 914, 

ofcEttib (N/M) £SaT3o HStf+ifc^ 3 9 14, 
EflM3«j5»0E#ib (N/M) <t, SWfbSftfcaaE 
ft (0-eav) <t£$ltcLT, #PH7 f -*E«W3 7te 
*S$fi-TS Ur-y7S6) o *©*SS, #PH7 f -*E« 
W3 7fcW\ 08 (j8) lC/Tx-r<fcaaxy^;|/-^c 

[0 0 5 4] -75, A 7 3 414, 

(x, y) ?-5R46?) 0 
[0 0 5 5] y\7Sjftg|5 3 414, 
« (x, y) t^JEftetlcS^Tx 

• • • (8) 
«5fk-TS (Xx>y7S8) „ 

[0057] c©«fc5a««Mb«is*fifi-rctic<fey. 

«l*«fs 0 1 1 lc^1" : &ffl011#T14, fg*-^>[H]|SftcD 

itmm&3 614, m^fb?tl/cp0/\7^H±lCj5tt^ 
#{SH«0)JSa»*S p 0=&#PSx-^|B-lgP3 7 ic+g 
$ftr^o Sfc, ««Mb*QSg|5 3 6tt, #fiSB«OJS8l» 

OKI] 

Sav=^-E IS p 6 •••(11) 

[S2] 

/) 2 ] 1/2 • • • (12) 



BSt— S»E«SP3 7lc««|-r« Ux-y 7S 9) 0 a [0 0 5 8] J-X±cDK^lCcfcy, «f«0#fiSB«l«:*fr 
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[0 0 5 9] $<f, C P U#- K 1 1 14. A*H*&, 
HfsSBl 9#SflXy&tr 0 £<DA7:BfEt4, A7J»g 

as 3 1 ice^T¥^fkfflieoftia^ss*n* 

SI 1) o tS»iQSSP3 3l4, £<D¥£tfbEf§&<£>A7J 
BfilcftLT, P r ew i t t ADX*|r|*^U-**^ 

tt, «sfiio^^x>hoxfiE»Gx*iiai-r3 a 

x-y^s 1 2) 0 

[0 0 6 0] £6tc, »}5QHSP3 314, ¥£KbE$§& 
<DA73Bfslc*fLT, P r ew i t KDYfifat^ls- 

**iMs mmimv^vjLy KDYja»Gy*jiiH-r 

* Ury7S13) 0 «#SQ3SP3 3 14, ?55>x> 
h (Gx, Gy) <0*#*£&ii*e£:l«:!iaiU x>y 
v^tJt I G | ^5R46^ 0 
[0 0 6 1] «#fll3SP3 3H\ &BfS<DX>y v^tlt I 

g i ^rafawjgu ms©GBfii*a7i3ii*^asjSi: 

LTtttiir^ (X77 7S1 4) 0 #tc, «#ffl3SP3 
314, ft*STC>?5S>X> h (Gx, Gy) <D£]IE£0 
*Jta U COftEft eSIWSjSflDT-* t LTEttf 
§ Uxy^S 1 5) o «ix>y 5^933 514. 

ftEfte^BfSBHrtT-aU fro 
ffl^|5M*« Lfc»££x -y S>?/U- 7 tc 7 

•y *j?fr--7<D*3mn e icwz^tm 0 av^saj u 

[0 0 6 2] ffij^I+ifeSP 3 9 1*. §X-y-7^U- 

7<D«£ifc N L, iff »j£®«£8M T-IO^ KBtt 
a t = EE (Tpfi- 

U77 7S1 9) 0 5W<Dmt4, p0M7E± 

[0 0 6 6] ffil»^»SP3 8 14, SMBx-^KttSB 
C s t = -i- EE (SpS-: 



it (N/M) ^»[ijr^o CCT?. X-y-7»ftlUSSP 
4 014, A7JH*ffl!l®*JEfc ce-eav) e<fetfE»ib 
(N/M) jb\ #BlT-*KW»3 7fc(DXy$;?/|/- 

[0 0 6 3] f^tBHrtT-aL^iMi^ Bftfsaea 

3SP4 1 14, A7JH*fcfc#SBH«#^L&l^lPK 

2) , -75, f^tEHrtT-^L/cil^ BM^iiSQH 
SP4 1 14, A7JH«rtt!:#fiSiS«*^-r«Rrtl1t^B 

[0 0 6 4] gc<T, A7^SP3 414, A^BfKD^ 
£lco^TfeBJS*I£X Y^TJftKTObLT, 

ft«£©ffiB*II (x, y) £3>R463 0 /\7*«W3 4 

(4, ^^^cDfeBSi (x, y) tymnet* 

(8) xUcttALT, £*Dft*p«UHT* Ui? 
7S17) 0 

[0 0 6 5] 8lft{bn3ffl:3 6(& g£ p pav 

do) a*jtmu p0/\7^ra^pii^^fccfcti : 0 
tt^iRiicsittfb-rs (xt77si 8) 0 mmmmt 

3 614. ^tSfb5-tlfcp0/\7^H±tCfc^§A7JB^ 
[&3] 

Tav=^L2Tp 9 .-.(13) 



DR4] 



Tav) 2 ] ]/ 



• • (14) 



3 7 fcfttt;!rftfc#BBH«®£S#*|iS p 0 <t, A73B 
[&5] 



av) (Tpfl-Tav) 



(1 B) 



*3taiU fti»[Cst$S»« U777S2 0) 0 
(15) 5W<Dkl4, p0/\7S±<DH*i>TT-S 

[0 0 6 7] ?6lc, ffiBMKR9tllffi3 8tts #PH7 f - 
*E«SP 3 7 fcfctt* Jhfc#SBH«®«*ffiH a s =&Bc 
*{11U A7JB«0«*ffl:la tfe<fetf«»»C s tO) 

BR 6] 

P = C s t/ (a s • a t) ■ • ■ (1 6) 

P^bb%> Ut7 7"S2 1) „ 



[0 0 6 8] WMmmW®4 1 14, COfflSfflllBffiR 
P^^H^HfilUSr^ (X777S2 2) „ tu 

cottWfii^msoMfii (#ijai4, o. sum *m?l 
terns. wmmmmB4 1 14, A7jB«F«gic#fisii« 
#»r*£«:&r*o -75, zommmpmomm 

SHAftU*^ 9HkBNiasSIS4 1 14, A7:B#rtlc 
[0 0 6 9] W±KWLfeBlftK<fcys 

i4, A*B«rtK*iBii«j«#a-r*4^^aii*ic?j 

S-rS^<t^-e*So $/c, p0/\7^H±T14, B# 
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[0070] ?etc, mmffiMnzam 

fi^T^SBTIi, ^»0#BSB«*ES-r S C <t left 

&fj$ 0 c©«ttfbS"*ifepe/\7ffiM±T(*. atjb 

*o/-c4&. iHiKsrcttffi*iB/jx*nn:#Baii«*x a* 
[0 0 7 1] * etc, fflfflwsicfflsfflBi^asp^fflLN 

[22 (S fl 8- 

P 2 =. 



[0 0 7 2] ±3£L/-cHBfi^HT?tt. A73B#rt 

-SfiH«£££S33 .fclflljtft-f « C t «fc y . #BBH 

«*^fe-gPiSia*A*ii«F<gA^5aiS-r«ct j £»T?# 

So 

[0 0 7 3] $fc, ±aLfcHSBgH?tt, #SBH«# 

fifijBiHTttx m&ftftmmvmcmmmim p ^ 

*g|@*iJ£0#>£&6tf&A,?&<fcl\ mar, 

(ssda>£) >pm&=mmi*i*a)vy*>? 
[0074] ±j&LitmBmw& 

DR7] 

Sav) (TpS -Tav) ] 2 



[2 2 (Tp8 -Tav) 2 ] [2 2 (S /> 0 -Sav) 2 ] 
•■■(17) 



i\ co<fe5s«fi8T?tt, fflsfflMflRSPojiancjgai 

[0 0 7 5] £Slc, ±5EL/cH^W4, xvS^p 
<D#BfRifc N £«£<DIMM T?««K k LTl^*\ * 

ROM (fl^ttiLUffl^y) , ¥3MMES*8tt. 
[0 0 7 6] £Slc, ±»Lfe*J»Btt?t& it(Di 

JfcjSTI*, P r ew i t t(0*^U— $r««fflLT«S 



^MpJ^^tOT^fflT-S-So ^J^.«; E7 (b) ic 
/Tx-T <fc-5&So be I flD*^U-*a^*ffl^T» 

[0 0 7 7] *6lc, ±5EL/cHM^T1i, B^SQH 

SQHSP2 1 ^-rsSBfcO^T^fc^x *«W14C 
H 6 k^-t <fc a a x - * SQU^^a -3 

[0 0 7 8] 

fflWSf « C <t ic cfc y , A7:B#rt lc#fiSB«*^f 

«4^5^««iifcws-ract^#«<, as, pen 
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SjS*l* 0 LtzftiT, *3&ET?tt, H«ftjjSfl!>ffl»» 
fcffigf *SJMa3«£®M f act £W 3o 

[0079] $/c, ±E©«fcatffiH?j£teBf« , r*a 

oE«s«*sb*wicis«i l/c y s ^*<fc y t ^a©# 
BBB«£KS t % c <t # Ritit & «„ 
[0 0 8 0] mc, X*HM*fT5g«Ttt, ^a©# 

/\7Sia±icfe^Tx jsa^^fflffl^ws-rso ccd 

[0 0 8 1] ftfc, S£*<DHHtffc/\72«££MLfcB 

& < Lft#s* astssiJiSQs^^jgtii y >g-r& 

StfSofco LfrL&tfS, W5RH2<D^T«, IS* 

lus^T^/cy, ssw*. e*^0i^=&fi*Hc^e 

LTffiHW£*frAKJiySc LfcAbL atStoSm 

[0 0 8 2] «*^3lcEKO«WTttx fflSMSifc 

!!SB«tA*B«tOIHlceJt«BJIfffiJSa)jtl^^» 
A*iB«rtfc:#BSB 
« A^A^ewticWBrf s c m 

4 A\bvb*B«ft!3gBT?tt. I v -7SfcDBIRifc 

[0 0 8 3] Lft#oT» ffiH*Hfil N Iffl»1BflE#offli 

t«Citf?*«, B*fll5K^to*«ftT(4H CCD 
^±cDB#SQH7p^^ 3>ta-*tefi^T 

n^r « c t icj; y , if 1 ~ 3 cDi^rti^ 1 «ice 

3 cDl^-f tlfr 1 lllcEKcDB^SQIISBt LTs U > tf 
[0 0 8 4] »«S6K*^*>«JiftT?(4, CCD^ft± 



CDBMI7P =l > tf n. tefi^THfTf 

3 c <t ic «fc y , imm 4 icek* ti/-c«fiEgff*^Tfi} 

do LftAbL W*E4fcK«®B«ft!38B£L 
[0®c7)Mm^K0^] 

[0 1 ] tmm 1 , 2 fcKK®£Efc*fjS-f 

[0 2 ] tmm 3 kiBKo*wic*f js-r «jss^p v 7 

0T-£3o 

[0 3] 11^114 fclE«®38Efc*fJ£-f *J537"n 

[0 4 ] If ^RI1 1 ~ 6 fcfcf JS LrdUfi^HO/ \- K«fiE 

[0 5 ] IBSJltt 1 5 icIBSJftfcIMI^P 
*C P U #- K 1 1 Kfi^T *fr Ltcmc, CPU 
K 1 1 , T^y 2 0fc c fcO ; iSiS)S»5QIIgp2 1 ftt^ffl 
^THiiTr^^^t^^Py^mfelcEtgL/cETS 

[0 6] *HJ6^FJc7)x-^7P-^r0-c;-fe§o 

[0 7] ^iffl±©ta»7-f;i/4«©-«!i*/Tv-rBiT**o 
[08] 17 -7?vi/- ^tewr si»*8*wwr s ht» 

[09] j\7my&®.mzmz'&Zo 

[010] pe/\7ffiM±OfflR»**S#»te^Ln: 

[011] pej\7&ia±ic&itzmmmm<Dmm 
[01 2] xY&mictetf%jW-y*v?y<?*mM 

[01 3] -HKfb/\7S««c«fc*ftS«SB«ftlS m 
mi) SR«t5B7«5o 
[^CDIftBfl] 

1 #PB#gt 

2 y\7S«i#a 
3 

3 a ffiffiHtf^gt 

3 b *@fH«£#l§: 

4 attxy$WitH#« 

5 x 

1 1 CPU#-K 

1 2 ^O/U 

1 3 iSilP-7J/U/^7 

14 T-rX7K5-r7SP 

1 5 smm 

1 6 o/A^yrt-* 

1 7 g,TsgB 

1 8 A/ D 

1 9 ^#gB 

2 0 tC^E'J 

2 1 a^m»ssis 
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3 1 Atimmm 

3 3 IS^iQSgp 

3 4 M7£gjgp 

3 5 aggiv^teajgB 

3 6 SfcfcffciQggB 

3 7 tMBT-^KHSIS 



3 8 fBHffSfttJIffi 

39 mmtmst 

4 0 xySflWKttWSffl 
4 1 

7 2 #PH^-7/|/ 



an 



[02] 



1 
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